ABSTRACT -A highly diverse and well-preserved latest Permian radiolarian fauna was obtained from muddy siliceous rocks and siliceous mudstones of the Dalong Formation, southern Guangxi, China. Specimens of the Order Entactinaria were selected for taxonomic study. Thirty-four species, among which were nine new species and twelve unidentified species, are included in this investigation. The nine new species are Entactinia wangi, Entactinia minuta, Entactinia sashidai, Trilonche textiles, Triaenosphaera variabilis, Triaenosphaera megacantha, Provisocyntra densa, Provisocyntra ormistoni and Wuyia dongpanica. Permian species of the Family Spongentactiniidae Nazarov are reported first and the extinction pattern of the Order Entactinaria is discussed.
INTRODUCTION
The radiolarian Order Entactinaria was proposed originally by Kozur & Möstler (1982) and is characterized by an initial spicule located inside a spherical shell or the innermost concentric shell (Dumitrica in De Wever et al., 2001) . Members of the order were common in the Palaeozoic and Triassic, and became less common in the Jurassic, Cretaceous and Cenozoic. Systematic palaeontological study of Palaeozoic Entactinaria began with the classical works of Foreman (1963) (Sashida & Tonishi) ; Kozur: 120, pl. 3, fig. 13. 1998 Entactinia itsukaichiensis Kuwahara & Yao: pl. 2, fig. 59. 1998 Entactinia itsukaichiensis Sashida & Tonishi; Feng et al.: 239, figs 3c, 3d. 2000a Entactinia itsukaichiensis Sashida et al.: 797-799, fig. 7.24. 2000b Entactinia itsukaichiensis Sashida & Tonishi; Sashida et al.: 251, pl. 1, Material. Ten specimens examined by SEM, of which two are illustrated.
Distribution. Abundant in the Late Permian, central Japan, USA, Italy, South China and Thailand.
Remarks. Our specimens compare well to Entactinia itsukaichiensis Sashida & Tonishi in having a small latticed shell with six three-bladed main spines and numerous thorn-like accessory spines.
Entactinia reticulata Sashida & Tonishi (Pl. 1, 1985 Entactinia reticulata pl. 2, figs 7-12.
Material. Nine specimens examined by SEM.
Distribution. Common in the Upper Permian, central Japan and South China. Japan in having a very thin shell with large pores and short three-bladed main spines.
Remarks. Specimens illustrated compared well with Entactinia reticulata Sashida & Tonishi from the Late Permian of central
Entactinia modesta Sashida & Tonishi (Pl. 1, figs 5-6) 1985 Entactinia modesta Sashida & Tonishi: 10, pl. 1,  pl. 2, figs 1-6.
Material. Five specimens examined by SEM.
Distribution. Common in the Late Permian, central Japan and South China.
Remarks. Specimens illustrated here compare well with Entactinia modesta Sashida & Tonishi from the Late Permian of central Japan in having a medium-sized spherical lattice shell with six three-bladed main spines and some small accessory spines. He, Feng & Gu (Pl. 2, fig. 10 (He et al., 2005) .
Entactinia meishanensis
Entactinia wangi Feng n. sp.
(Pl. 1, figs 9-20) Derivation of name. This species is named in honour of Prof. Wang Yujing, for his studies on Palaeozoic Radiolaria.
Diagnosis.
A small spherical latticed shell with four to six long three-bladed main spines.
Holotype. Plate 1 ( fig. 9 ), sample DP4/3404 from the Dalong Formation of the Dongpan section, Fusui County, southern Guangxi, depositional number X0301-37.
Material. Over 40 specimens were found and 23 examined by SEM.
Description. Test is a small, spherical, latticed shell with hexagonal pore frame. Thirty-one to 45 pores visible on the outer surface of hemisphere. Four to six main spines; four co-planar main spines long (1.5-2.5 times of the diameter of the shell), massive, three-bladed, slowly decreasing distally in width; other two main spines similar to the four main spines in length, or shorter, even lacking; the two main spines also three-bladed, and perpendicular with the four co-planar main spines. Accessory spine very short, rod-like. Description. Single spherical test with short conical spines. Pore frame oval. The cross-section of the spines are three-or fourbladed in its proximal part and circular in its distal part.
Dimensions (µm
Distribution. Rare in the Late Changhsingian, South China.
Remarks. This indeterminate species is similar in outline to Astroentactinia multispinosa (Won, 1983 ) from the Early Carboniferous, but differs from it in having a single-layered shell with oval pores. It differs from the known species of the genus Entactinia in having numerous, short conical spines. fig. 9 ) 1998 Entactinia sp. Feng et al.: 240, fig. 3e .
Material. One specimen found and examined by SEM.
Description. Test is small, spherical, and latticed. Pores subcircular, oval. Main spines are three-bladed, massive; accessory spines long, circular in cross-section.
Distribution. Rare in the Late Changhsingian, South and Southwest China.
Remarks. This indeterminate species is similar to Astroentactinia? mirousi Gourmelon, 1986 reported from the Early Carboniferous in outline and size, but differs from it by having more massive three-bladed main spines. It is similar to Entactinia sp. of Feng et al. (1998) Material. Six specimens examined by SEM, of which one is illustrated.
Distribution. Common in the Changhsingian, central Japan and South China.
Remarks. This species is similar to Trilonche cimelia (Nazarov & Ormiston) in the character of the outer shell, but differs from the latter in having two shorter main spines. Material. This species is common in our material. Ten specimens were examined by SEM, of which five are illustrated.
Distribution. Changhsingian, central Japan and South China.
Remarks. Most specimens in our material compare well with
Trilonche crassispinosa (Sashida & Tonishi) from the Late Permian of Japan, but some specimens differ slightly from the latter in having shorter, wider main spines. Material. Sixteen specimens from the Dongpan section examined by SEM, of which four are illustrated.
Description. Test small, spherical, without main spines. Cortical shell with orbicular, elliptical, rounded, polygonal pores that are irregular in size and arrangement. Pore frames tetragonal to hexagonal, and with numerous thorn-like spines at vertices. Thirty-two to 40 pores visible on a hemisphere. Medullary shell large compared with outer shell, subspherical, with large hexagonal pores, and linked with the cortical shell by three-bladed radial bars.
Dimensions (µm).
Based on eight specimens: diameter of outer sphere 93-105.
Distribution. This species is only known from the latest Changhsingian in southern Guangxi, South China.
Remarks. This new species is distinguished from other species of the genus as it lacks a main spine, and has large pores and numerous thorn-like spines at the vertices of the pore frames.
Trilonche? sp. 1 (Pl. 3, figs 7-8)
Material. Seven specimens all examined by SEM.
Description.
Cortical shell large, subspherical, and latticed. Pores are hexagonal, oval. Main spines are short, massive, threeor four-bladed in cross-section, variable in size, more than seven in number, irregularly distributed on the shell. Small accessory spines and nodes arise from junctions of pore frames.
Dimensions (µm).
Based on seven specimens: diameter of outer shell 171-258; length of main spine 62-82; maximum width of main spine 48-71. 
Distribution.

Description.
Test is large, spherical, latticed. Pores are very small, oval. Most specimens lack a main spine; but some have short, three-bladed main spines. The number of the spines varies: from one to six.
Distribution. Common in the Late Permian of South China.
Remarks. This indeterminate species is assigned tentatively to the genus Trilonche Hinde because its inner structure is unknown.
Genus Kashiwara Sashida & Tonishi, 1985 Type species. Kashiwara magna Sashida & Tonishi, 1985. Distribution. Late Permian, Japan and South China.
Remarks. The genus Kashiwara was proposed by Sashida & Tonishi (1985) for Kashiwara magna. They thought that this genus was characterized by two spherical lattice shells with four tetrahedrally arranged main spines. On the basis of investigations, this genus consists of a latticed cortical shell and two latticed inner shells. The cortical shell connected with first inner shell by three to four three-bladed beams, and the first inner shell connected with second inner shell by three to four strong three-bladed beams and numerous thin rays. It resembles the genus Uberinterna Sashida & Tonishi, 1988 in inner structure, but Uberinterna differs from Kashiwara in having six threebladed beams between the cortical shell and the first medullary shell and in having more than two inner shells. Material. This species is abundant in our material. Twenty-nine specimens were examined by SEM, of which eleven are illustrated.
Kashiwara magna
Distribution. Changhsingian, central Japan and South China.
Remarks. Our specimens differ slightly from Kashiwara magna illustrated by Sashida & Tonishi (1985) Material. This species is common in our material and four specimens are illustrated.
Distribution. Late Permian; Japan and South China. Material. Twenty-one specimens from the Dongpan section were examined by SEM, of which five are illustrated.
Latest Permian radiolaria, China
Description. Test small, spherical with three to four main spines. Cortical shell comprises small pore frames with poorly developed nodes at vertices and has some narrow ridges. Pore frames usually hexagonal. Sixty-five to 130 pores present on a hemisphere. Medullary shell is small, subspherical, with small pores, and linked with the cortical shell by three-bladed radial bars. These bars extend beyond cortical shell into main spines. Main spines are three-bladed; three massive, usually co-planar, the fourth mostly very short, nearly perpendicular to the three spines.
Dimensions (µm).
Based on nine specimens: diameter of cortical shell 91-100; maximum width of spines 30-35; maximum length of spines 100-125; diameter of medullary shell 31.
Distribution. This species is known only from the latest Changhsingian in southern Guangxi, South China.
Remarks. This new species is distinguished from other known species of the genus by the characteristic arrangement of main spines. Material. Six specimens from the Dongpan section examined by SEM, of which three illustrated.
Distribution. This species is known only from the uppermost Changhsingian in southern Guangxi, South China.
Description. Test very small, spherical with four main spines. Cortical shell comprises small pore frames with poorly developed nodes at vertices. Pores small, oval, and dense. The four main spines tetrahedrally disposed, and similar in outline and size. They are three-bladed, massive, long (about two times the diameter of test), and gradually tapering distally.
Based on five specimens: diameter of cortical shell 82-100; maximum width of main spine 30-35; maximum length of main spine 155.
Remarks. This new species is distinguished from the other species of the genus by having a smaller shell and four long, massive main spines.
Triaenosphaera sp. 1 (Pl. 4, fig. 11 )
Material.
Only one specimen was recovered in the present study.
Description. Test small, subtriangular with three main spines. Cortical shell comprises small pore frames with poorly developed nodes at vertices. Pore frames usually hexagonal. Thirtyfive pores visible on a hemisphere. Medullary shell small, subspherical. Main spines three-bladed, massive, co-planar, gradually decreasing in width distally.
Distribution. This indeterminate species is known only from the latest Changhsingian in southern Guangxi, South China.
Remarks. The indeterminate species is similar to Triaenosphaera minutus Sashida & Tonishi in pore character, but is distinguished from it by having three co-planar, more elongate main spines and smaller cortical shell.
Triaenosphaera sp. 2 (Pl. 4, fig. 13 ) Material. Only one specimen was recovered in the present study.
Description. Test small, spherical with four main spines. Cortical shell comprises small, usually hexagonal pore frames. Thirtyseven pores are visible on a hemisphere. The four main spines tetrahedrally arranged. They are similar in outline and size, namely three-bladed, thin, long (about twice the diameter of the test) and gradually decreasing in width distally.
Explanation of Plate 4. figs 1-5. Triaenosphaera variabilis Feng n. sp.: 1, DP4/3436, holotype; 2, DP2/A013; 3, DP3/F022; 4, DP4/Q054; 5, DP5/1063. figs 6-9. Triaenosphaera minutus Sashida & Tonishi: 6, DP2/B033; 7, DP3/4791; 8, DP2/C024; 9, DP2/D024. fig. 10 . Triaenosphaera sp. 4, DP4/O004. fig. 11 . Triaenosphaera sp. 1, DP3/4218. fig. 12 . Triaenosphaera sp. 5, DP3/4218. fig. 13 . Triaenosphaera sp. 2, DP3/4218. figs 14-16. Triaenosphaera megacantha Feng n. sp.: 14, DP5/1113; 15, DP5/2312; 16, DP3/4246, holotype. Scale bar is 10 µm in figs 7, 11, 16; 50 µm in figs 1, 5, 8-10; 100 µm in figs 2-4, 6, 12-15.
Remarks. The indeterminate species differs from Triaenosphaera megacantha n. sp. in having larger pores and thinner main spines. It resembles Triaenosphaera longispina Sashida (Sashida et al., 2000b) in outline, but the latter has well-developed accessory spines. Triaenosphaera sp. 3 (Pl. 6, figs 2-4)
Material. Four specimens were recovered in the present study.
Description. Test small, spherical with four main spines. Cortical shell with large pore frames. Pore frames hexagonal, triangular, or reniform. The four main spines tetrahedrally arranged. They are similar in outline, being three-bladed, but differ in size; usually three are robust and one thin.
Remarks. This species is similar in outline to Triaenosphaera minuta Sashida & Tonishi, but differs from it in having larger, irregular pores. It differs also from Triaenosphaera variabilis n. sp. in having fewer and larger pores.
Triaenosphaera sp. 4 (Pl. 4, fig. 10) Material. Only one specimen was recovered in the present study.
Description. Test small, spherical with four main spines. Cortical shell comprises hexagonal pore frames with conical secondary spines at vertices. Thirty-one pores are visible on a hemisphere. The four main spines tetrahedrally disposed. They are circular or three-bladed in cross-section, gradually decreasing in width distally.
Remarks. The indeterminate species is similar to Triaenosphaera minuta Sashida & Tonishi in outline, but differs from it in having developed secondary spines and rod-like main spines.
Triaenosphaera sp. 5 (Pl. 4, fig. 12) Material. Only one specimen was recovered in the present study.
Description. Test small, spherical with four strong main spines. Cortical shell comprises subcircular pore frames. Twenty-eight pores are visible on hemisphere. The main spines three-bladed and have short distal branches.
Distribution. This indeterminate species is known only from the latest Changhsingian in southern Guangxi, South China. Nazarov & Ormiston, 1993 from USA are assigned to this new genus.
Remarks
Wuyia permica (Sashida & Tonishi, 1985) (Pl. 6, figs 9-11) 1985 Meschedea permica pl. 4, pl. 5, Material. Five specimens examined by SEM.
Distribution. Late Permian, central Japan and South China.
Remarks. Our specimens compare well to Meschedea permica from the Late Permian of central Japan (Sashida & Tonishi, 1985) in the outline of the shell and spine, and in the structure of the cortical shell. This species is assigned to the new genus Wuyia according to its inner structure. fig. 17 ; 50 µm in figs 1, 3, 4, 6-11, 13-16, 20 ; 100 µm in figs 2, 5.
Material. The species is rare in our material. Five specimensGenus Polyentactinia Foreman, 1963 Type species. Polyentactinia craticulata Foreman, 1963. Polyentactinia sp.
(Pl. 6, fig. 8 )
Material.
Only a single specimen was found in this study.
Description. Test is a single cortical shell. The shell is subdivided into eight trapeziform and two square areas. Each area has four oval pores. Four main spines are three-bladed, short and medium in thickness.
Distribution. Late Changhsingian; South China.
Remarks. According to its characters, the specimen illustrated herein can be placed in the genus Polyentactinia Foreman, 1963. Genus and species indeterminate (Pl. 6, fig. 1 )
Only one specimen, illustrated.
Description. Test subspherical, with three co-planar spines. Cortical shell with thin, smooth bars forming subcircular to oval pores which are unequal in size. Spines are thin, three-bladed and gradually decrease in width distally. Inner shell is similar to the cortical shell in structure and composed of some thin bars.
Distribution. Late Changhsingian, South China.
Remarks. This indeterminate species resembles genus Cryptostephanidium Dumitrica (1978) in its shape of the cortical shell and number of spines but differs from it in having a latticed medullary shell.
DISCUSSION
Many studies on the mass extinction of Permian radiolarians indicated that the Changhsingian was a main extinction interval of the Permian radiolarian fauna and that this event was a gradual process (Kakuwa, 1996; Vishnevskaya, 1997; Kuwahara & Yao, 1998) . Our detailed investigation in the Dongpan Section, South China, however, shows that three orders of Radiolaria -Entactinaria, Spumellaria and Latentifistulariadiversified rapidly during the Late Changhsingian, followed by rapid extinction at the end of the Changhsingian. Similar conclusions were reached by Kozur (1998) and Feng et al. (2000) . In the Dongpan Section, the highest diversity occurred in an interval between 267 cm (line A) and 979 cm (line B) below the Permian-Triassic Boundary (PTB) (Fig. 2) , with 138 species belonging to the Orders Albaillellaria, Entactinaria, Spumellaria and Latentifistularia. Thirty-four species of the Order Entactinaria, as reported in this paper, were also found in the interval between lines A and B and 26 disappeared at line A (Fig. 2) . From line A to the PTB, the radiolarian fauna decreased quickly in both diversity and abundance. Only eight of the 34 species extend through line A. The lithology of the section changes from bedded siliceous rocks to siliceous mudstones across line A, which indicates that productivity of the radiolarian fauna decreased quickly. Additionally, important changes in test structure took place in proximity to line A: most of the species with developed external spines disappeared, whereas most of the species that survived lack an external spine, or have undeveloped external spines. The external spines of some other species, such as Trilonche crassispinosa and Hegleria mammilla, became thinner and shorter across the line. Therefore, line A demarks an important event for the radiolarian fauna in this area. Kozur (1993) erected four radiolarian ecological zones: (1) 0-50 m water depth, consisting almost exclusively of Copicyntrinae; (2) 50-200 m water depth, dominated by Entactinaria, accompanied by Copicyntrinae; (3) 200-500 m water depth, dominated by Entactinaria, accompanied by Copicyntrinae and Albaillellacea; (4) below 500 m depth, characterized by Albaillellacea, accompanied by Entactinaria, Ruzhencevispongacea and Phaenicosphaera. At the line A, the rapid decrease of the radiolarian fauna was not as a consequence of palaeoecological factors. Albaillellidae, Latentifistularia, Entactinaria and copicyntrids had similar extinction rates near line A. No new taxa occurred in the interval between lines A and the PTB. Globally, the rapid extinction of the radiolarian fauna at the end of the Changhsingian has been recorded in other sections in South China and Japan (Feng et al., 1998; Shang et al., 2001; Xia et al., 2004) .
In the Dongpan Section, line A also represents the upper limits of the Neoalbaillella optima Assemblage Zone and Albaillella triangularis Abundance Zone. Investigations on conodonts and radiolarians in the Guji-hachiman section indicates that the upper limit of these two zones corresponds to the upper limit of the Clarkina meishanensis zhangi Interval Zone . Taxa from the Clarkina meishanensis zhangi Interval Zone were recovered from Bed 24e in the Meishan Section D, Changxing, China (Mei et al., 1998) . Therefore, the upper limit of the Permian bedded chert and line A, as indicated by rapid disappearance of the Changhsingian radiolarians in the Dongpan Section, corresponds to the upper limit of the limestone of Bed 24e and the extinction event as marked by the disappearance of benthics in the Meishan Section D, such as fusulinid and coral reef. The reasons for these changes are still not well understood.
